III. Results And Discussion
shows the IR transmission microscopy-observed crystal features after bonding. As can be seen, when the void depth (formed by surface irregularities) was ≥ 200 nm, most of the bright features (bonded regions) were diamond-shaped ( Fig. 1(a) ). On the other hand, when the void depth was small (h ≤ 70 nm), the bright features were mainly of dendritic geometries ( Fig. 1(b) ). [2, 3] Differences in crystal features can be attributed to the driving force, which is a function of void depth and can be estimated by the Gibbs-Thomson equation as follows.
T G  ≈ -2k'
 h where  is the free energy of the flat surface, h is the depth of the void, and k' is the geometry constant. When h was ≤ 70 nm, the driving force was larger. The growth of GaAs crystallites (bright features) results from growth rate anisotropy and dendrites grow quickly along the fast-growing <110> direction. The dendritic cap is bounded by fast-growing {111} planes as shown in Fig. 1(c) . The dendrite growth model is analyzed and discussed in the following section.
As shown in Fig. 2(a) , the growth of dendrites/crystallites during the bonding/healing process is divided into three stages: evaporation from unbonded (001) wafer surface, mass transport, and deposition on the exposed (bonded) surface. The geometry and growth rates of dendrites are controlled by the slowest of the three stages; that is, the deposition on the exposed bonded surface. [3] The related energies are illustrated in Figs. 2(b) and 2(c). The driving force behind evaporation is given by 
The mathematical treatment of the growth stages is discussed below.
A. Evaporation from unbonded (001) surface
The evaporation of Ga and As atoms involves breaking GaAs bonds, which incurs an energy cost (
shown in Fig. 3(a) . As a result, the evaporation rate evap V is proportional to 
B. Mass Transport
As shown in Fig. 2 (a), Ga and As atoms must transport either through the GaAs lattice, along the unbonded GaAs surface and/or through the gas phase. At temperatures above 850°C, the As equilibrium pressure is high (> 60 torr). With the As transport rate through the gas phase much higher than that through other channels, gas-phase transport must be the dominant path. On the other hand, the vapor pressure of Ga over GaAs is markedly small and can thus be neglected. [5] The diffusion coefficients of Ga follow the relationship below. [6] [7] [8] ); [9] therefore, the mass transport of GaAs is limited by Ga diffusion.
The mass transport rate can be modeled by the following one-dimensional diffusion equation with the reference point at the reentrant corner of the twin boundary
where x is the distance from the reentrant corner and
is the free energy of Ga along the free surface of void. 
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(2) By analyzing equations (1) and (2), the free energy distribution of "transport mass" looks more or less like the curve shown in Fig. 4 .
C. Deposition on bonded surface
The deposition stage involves two steps: nucleation of new surface layer and surface layer motion, as shown in Fig. 2(d) . Previous research has found that surface layer nucleation is the slower limiting step. [3] In other words, nucleation of a new layer is the slowest step in the growth of dendrites. Surface layer nucleation is described by a partial pill-box island at the reentrant corner. [10] When the rate of layer motion is infinitely rapid compared with that of formation of new surface layer, the dendrite growth rate is proportional to Fig. 3(b) . If the layer motion rate is not infinitely rapid, then Eq. (1) needs to be multiplied by a factor <1. [11] 
D. Growth of dendrites
The relative mass transport driving force ( (Fig. 4(c) ) which sticks out in front of the reentrant corner will have an extra driving force For shallow voids (Fig. 4(a) ), a protrusion x  sticking out from the reentrant corner will have a huge
This huge driving force first causes the nucleation of new layers on the reentrant corner, as shown in Fig. 2(d) . These layers then grow rapidly along the surface plane in a layer-by-layer process, resulting in the forward motion (growth) of crystallites. Its growth velocity is increased relative to the surrounding surface, which is in contact with Ga atoms at a higher temperature. [12] The difference in growth velocity can be attributed to the release of latent heat associated with the development of each protrusion. This heat raises the temperature of the Ga atoms adjacent to the protrusion and retards the nucleation of new layers in the immediate vicinity of a given protrusion. In particular, where fast-growing planes such as the {111} are present, the crystallite growth rate will increase exponentially with the driving force, thus resulting in dendrite growth in the <110> direction. On the other hand, as shown in Fig. 4(b) , the driving force at deep voids is too small to cause dendrite growth. 
IV. Figure Captions

V. Conclusion
A periodic structure of bonded GaAs wafers was used for quasi-phase-matched second-harmonic generation. Interfacial voids were found at the (001) GaAs bonded twin boundary. These voids were caused by natural topographical irregularities on the wafer surface. Two kinds of crystallites were formed at these voids: diamond-shaped and dendritic geometries. When void depth was ≤70 nm, the growth of crystallites inside the voids results from growth rate anisotropy and dendrites grow quickly along the fast-growing <110> direction. The growth of dendrites involves three stages: evaporation from the unbonded (001) wafer surface, mass transport, and deposition on the bonded surface, which is the slowest/limiting stage. There are two steps in the deposition stage: surface layer nucleation and surface layer motion. Surface layer nucleation is the slower limiting step. For shallow voids, a protrusion sticking out from the reentrant corner will have a huge extra driving force. The crystallite growth rate will increase exponentially with this driving force, resulting in dendrite growth in the <110> direction. DOI: 10.9790/1676-1201035459 www.iosrjournals.org 59 | Page
